Cardiomyocytes respond to stress by stimulating adaptive intracellular events that foster preservation of cardiomyocyte viability and function. However, if the stress persists, the protection is subdued leading to a maladaptive response, that is apoptosis, necrosis and heart failure. Among the stress proteins, also known as heat shock proteins (Hsp's), that are up-regulated in response to stress stimuli, the lens protein ␣B-crystallin (CryAB) is the most abundant in cardiomyocytes [1] . CryAB functions as a negative regulator of apoptosis [2, 3] and protects against disruption of myofibrillar structure by its localization to the Z-bands of sarcomeres [4, 5] . Gain-and loss-of- 
nucleus as homo-or heterodimers [11] . Both STAT and NFAT induce expression of target genes via binding to their respective target sequences. Emerging evidence suggests that besides mediating maladaptive hypertrophy in cardiomyocytes, calcineurin/NFAT and Jak/STAT signalling cascades, exert a pro-survival regulatory effect as well [12, 13] [14] . Cain 
, an inhibitor of calcineurin, and dominant negative NFAT (dnNFAT) reduce CryAB gene transcription in transient transfection assays. Likewise, AG490, an inhibitor of Jak2 phosphorylation, effectively blocks the up-regulation of CryAB gene expression caused by constitutively active Jak2 kinase in cultured cardiomyocytes and in hypertrophic hearts induced by transverse aortic constriction (TAC). AG490 also blocks En-1-induced translocation of NFAT into the nucleus. An increase in CryAB gene expression in MHC-CnA mice was accompanied by phosphorylation of STAT3. These results support the notion that a coactive linkage between calcineurin/NFAT and Jak/STAT signalling is required for up-regulation of the CryAB gene as part of a program that acts to protect cardiomyocytes against deleterious hypertrophic stimuli.

Materials and methods
Animals
Transverse aortic constriction of mice was done in our laboratory as described previously [15] . Male mice C57/BL6 of 7 to 8 weeks old matched for weight, sex and age were subjected to TAC for 15 
Antibodies and chemicals
Polyclonal rabbit antibodies to Nished protein were described previously [9] . Monoclonal 
Construction of reporter genes
Mouse CryAB cDNA and pRD15 plasmid, containing the 6.5-kbp PstI fragment of the mouse CryAB gene, were a kind gift from Dr. Piatigorsky [8] . 
Gel mobility shift assays
Gel mobility shift assays (GMSA) was done as described previously [9] . The following commercial oligonucleotides were utilized: upper 
Quantitative RT-PCR
Immunoprecipitation and western blotting
Mouse heart nuclear protein extracts were prepared as described earlier [16] . Total cell lysates from hearts were prepared in RIPA as described previously [17] 
RNA extraction
Total RNA was extracted from cardiomyocytes using Trizol reagent Invitrogen).
Northern hybridization
Northern hybridization and size-fractionation was done as described previously [9] . 
Semi-quantitative RT-PCR
␣BE4/protein interaction is induced in pressure-overload hypertrophy
We have previously reported that pressure-overload cardiac hypertrophy in mice subjected to transverse aortic constriction (TAC) is blocked by AG490, implicating Jak/STAT signalling in the hypertrophic response [15] . Here, we examined hypertrophic ventricular tissue from TAC hearts for expression of the CryAB gene and found that there was a marked increase in CryAB mRNA, which was inhibited by AG490 treatment (Fig. 3A) . Cardiac hypertrophy in mice subjected to TAC was evaluated by increase in heart-to-body weight ratios (HBWR) compared to that of weightand age-matched sham animals (data not shown) consistent with our previous observations [15] . We also observed an induction of the mRNA for the known hypertrophic gene marker, atrial natriuretic factor (ANF) (Fig. 3A) . We then examined the response of ␣BE4-binding protein(s) to TAC-induced pressure overload myocardial hypertrophy. GMSA performed with nuclear extracts and the ␣BE4 probe showed a robust increase in a DNA/protein complex in TAC heart extracts relative to sham heart extracts.
The complex was competed out with 50-fold excess of unlabelled ␣BE4 oligonucleotide (S), but not with non-specific randomized oligomer (NS). Incubation of nuclear extract with antibody against Nished resulted in a shift of the complex (Fig. 3B). These data indicate that the hypertrophy-associated increase in CryAB expression is mediated by Jak/STAT signalling and that Nished is a part of the protein/DNA complex.
Calcineurin/NFAT signalling in CryAB gene expression
The presence of a NFAT binding site [18] in the ␣BE4 region (Fig. 1A) and the demonstrated cooperativity between Nished and NFAT observed previously [9] (Fig. 4A) . A primary substrate for activated calcineurin is the NFAT family of transcription factors. As seen in Figure 4B , co-transfection of a dominant negative form of NFAT (dnNFAT) [20] (Fig. 5C ). These results were confirmed by ChIP assays (Fig. 5D) 
18S ribosomal RNA was used as a loading control, (lower panel ). Quantification of time and concentration dependent effect of En-1 on CryAB mRNA levels in HL-1 cells (n ϭ 2). (B) HL-1 cells were cotransfected with an expression plasmid encoding Nished or parental vector where indicated along with CryAB-Luc, or mutBE4-Luc plasmids. After preincubation in serum-free medium cells were treated with 50 nM En-1. Luciferase activities in cells treated with En-1 are expressed to the mean value obtained from cells exposed to vehicle (water). In cells cotransfected with pcDNAV5-Nished (Nished) treated with En-1, luciferase activities are expressed relative to the mean value derived from cells cotransfected with pcDNAV5 (parental vector) and CryAB-Luc or mutBE4-luc plasmids and treated with En-1. Renilla luciferase expression was used for normalization. Experiments have been repeated at least three times. Data are mean Ϯ SE.
** P Ͻ 0.01. [12, 13] . We therefore examined the participation of STAT3 in the ␣BE4 interacting protein complex by ChIP analysis. Binding to ␣BE4 was observed in extracts from MHC-CnA hearts but not from WT hearts (Fig. 5D) indicating that STAT3 is also a part of the ␣BE4/protein complex in calcineurin-induced cardiac hypertrophy. This is supported by increased phosphorylation of STAT3 on Tyr705 in the nuclear extracts of MHC-CnA hearts compared to WT (Fig. 6A) . We also looked at the levels of the other proteins that interact with ␣BE4. Both NFATc3 and c4 proteins were higher in MHC-CnA hearts compared to WT hearts. There was no discernable difference in the level of Nished protein (Fig. 6A) (Fig. 7A) 
Fig. 3 ␣BE4 enhancer activity in response to pressure-overload hypertrophy. Mice were subjected to transverse aortic constriction (TAC). (A) Semi-quantitative RT-PCR was performed with primers from the coding region of CryAB, ANF and GAPDH genes. Quantification of the CryAB mRNA level relative to the GAPDH mRNA level is shown in the lower panel. Data shown are representative of two separate experiments, with three individual mice per experiment. (B) Nuclear extracts were prepared from hearts of sham (C) and TAC mice. GMSA was performed with radiolabeled ␣BE4 oligonucleotide. Competition with 50ϫ molar excess of unlabeled ␣BE4 (S) and nonspecific (NS) oligonucleotides is shown. Preincubation of cardiac nuclear extracts with anti-
Jak2 signalling regulates CryAB gene expression
To further confirm the role of Jak2 signalling in regulation of CryAB gene expression, the CryAB-Luc reporter and Tel-Jak2 (a kind gift from Dr. Barber), a fusion gene that encodes a Tel-Jak2, chimeric protein with constitutive tyrosine kinase activity [21], were co-transfected into HL-1 cells. There was a 14-fold increase in CryAB-Luc reporter activity. Tel-Jak2-induced luciferase activity was abrogated by treatment with 50 M AG490
Discussion
Recent studies implicate calcineurin/NFAT and Jak/STAT signalling in both beneficial and detrimental responses in the heart [12, 13] . and heart failure [30, 31] 
In this report, we demonstrated a link between these signalling pathways and expression of the CryAB gene in response to hypertrophic stress. Transcription factors NFAT, STAT3 and Nished, participate in the formation of a dynamic ternary complex influenced by an interplay between the calcineurin/NFAT and Jak/STAT
Fig. 4 Calcineurin and NFAT are necessary for constitutive and En-1 inducible CryAB gene transcription. HL-1 cells were transfected either with CryAB-Luc (A), or with mutBE4-Luc (B). Reporter constructs were cotransfected with an expression plasmid encoding either cain or pECEflag (parental vector) (A), or either dominant negative NFAT (dnNFAT) plasmid or pcDNA3. (parental vector) (B). Cells were treated with 50 nM En-1 or vehicle (water). Renilla luciferase expression was used for normalization. Luciferase activities in cells cotransfected with cain or dnNFAT are expressed relative to the mean value obtained from cells cotransfected with parental vector and treated with the vehicle only. Cells cotransfected with cain or dnNFAT and exposed to En-1 versus cotransfected with parental vector exposed to
